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(57) There is provided symbol association means 
101 for associating each of reference places for encod- 
ed symbols with one of the symbols. Reference place 
identification means 1 02 cuts out, from an input bit se- 
quence, each of bit sequences assigned to the symbols 



with a length corresponding to amaximum code length, 
identifies the reference place for the symbol with respect 
to each bit sequence cut out, and outputs the symbol 
corresponding to the Identified reference place by refer- 
ring to the symbol association means 101 . 
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Description 

Technical Field 

[0001] The -present invention relates to a decoder, a 
decoding method, a look-up table, and a decoding pro- 
gram. I np articular, the present invention is suitably ap- 
plied to decode a variable length code. 

Background Art 

[0002] There is a conventional method of decoding a 
variable length code in such a manner that a code bit is 
read bit by bit from an input bit sequence and symbol 
corresponding to a bit sequence defined in a code table 
is output as a decoding result when a match occurs be- 
tween the read bits and the bit sequence. According to 
this method, decoding can be performed by using a 
small storage capacity if only code bits corresponding 
to symbols are held. However, the time required for de- 
coding is long because of one-bit-by-one-bit reading of 
code bits from the input bit sequence. 
[0003] On the other hand, there is a method in which, 
to perform high-speed decoding, symbols from which a 
decoding result is obtained and the code lengths of the 
symbols are registered in a look-up table with respect 
to all entries (candidates) -identified by bit sequences 
corresponding to maximum code lengths. 
[0004] Figure 8 is a diagram showing the configura- 
tion of such a conventional look-up table. 
[0005] Referring to Figure 8(a), a code table 1 1 is de- 
fined in which, for example, a code bit "1 n is assigned to 
a symbol SO, code bits "01 " are assigned to a symbol 
S1, code bits "001" are assigned to a symbol S2, and 
code bits "000" are assigned to a symbol S3. 
[0006] In this case, since the maximum code length 
of the code bits is 3, sequence numbers, the symbols 
and code lengths are registered in a look-up table 12 
with respect to 2 3 entries identified by 3-bit bit sequenc- 
es, as shown in Figure 8(b). The sequence numbers 
may be numbers in decimal notation corresponding to 
the 3-bit bit sequences. 

[0007] Bits are read in groups of three bits from the 
input bit sequence. Each read group of three bits is con- 
verted into a decimal number to obtain the sequence 
number. When the sequence number is obtained, the 
look-up table 1 2 is referred to with the sequence number 
used as a key to obtain the symbol corresponding to the 
sequence number. The symbol is output as a decoding 
result while the bit(s) remaining as a result of subtraction 
of the bits corresponding to the code length of the sym- 
bol from bit sequences for 3-bit is returned to the input 
bit sequence. 

[0008] For example, if the input bit sequence is 
"1010010110 — the first three bits "101" of this bit se- 
quence is read and this "1 01 " is converted into a decimal 
number to obtain a sequence number "5". The look-up 
table 12 shown in Figure 8(b) is referred to with this se- 



quence number "5" used as a key to obtain the symbol 
"SO" and the code length "1 " of the symbol "SO". The 
symbol "SO" is output as a decoding result. 
[0009] Also, the code length "1 " of the symbol "SO" is 

5 compared with the maximum code length "3". Two bits 
"01 " corresponding to the difference between the max- 
imum code length "3" and the code length "1 " of the sym- 
bol "SO" are considered unused in decoding of the sym- 
bol "SO" and are returned to the input bit sequence 

10 "0010110 «.". 

[0010] Subsequently, the next three bits "010" are 
read from the input bit sequence "010010110 to 
which the bits have been returned, and the above-de- 
scribed processing is repeated. 

15 [0011] According to the above-described convention- 
al method, decoding can be performed only by reading 
one time the bit sequence corresponding to the maxi- 
mum code length from the input bit sequence and, con- 
sequently, the speed of decoding can be increased. 

20 [0012] The above-described conventional method, 
however, requires registering symbols and the code 
lengths of the symbols with respect to all entries identi- 
fied by bit sequences corresponding to the maximum 
code length and therefore has the problem that the ca- 

25 pacity of look-up table 12 is increased. 

[001 3] That is, in the example shown in Figure 8, there 
are only four symbols but it is necessary to register 2 3 
entries of the symbols and the code lengths of the sym- 
bols and, therefore, the same symbol is registered in a 

30 state of being duplicated a certain number of times. 
[0014] In particular, if the maximum code length is 
larger, the number of times one symbol is duplicated 
when the symbol is registered is increased, resulting in 
an increase in capacity of the look-up table. For exam- 

35 pie, if the maximum code length is 16 and if 100 bytes 
per symbol and one byte for storage of the code length 
are needed, a capacity of 2 16 x 101 bytes is required. 
[0015] It is, therefore, an object of the present inven- 
tion to provide a decoder, a decoding method, a look-up 

40 table, and a decoding program enabling decoding at a 
higher speed with a small storage capacity. 

Disclosure of the Invention 

45 [0016] A decoder provided to attain the above-de- 
scribed object according to the present invention is char- 
acterized by comprising symbol association means for 
associating each of reference places for encoded sym- 
bols with one of the symbols, and reference place iden- 

50 tification means for identifying the reference place for 
each of symbols when the bit sequence assigned to the 
symbol and corresponding to the maximum code length 
is cut out. 

[001 7] It is thereby ensured that while the symbols are 
55 not registered in correspondence with all entries identi- 
fied by the bit sequences corresponding to the maxi- 
mum code length, each encoded symbol can be identi- 
fied when the corresponding bit sequence is cut out, and 
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it is possible to reduce the storage capacity while main- 
taining high-speed decoding performance. 
[0018] A decoder according to another aspect of the 
present invention is characterized by comprising refer- 
ence place information acquisition means for obtaining, 
on the basis of a bit sequence of a predetermined length, 
reference place information for a decoding result corre- 
sponding to a code contained in the bit sequence, and 
decoding result acquisition means for obtaining, on the 
basis of the reference place information obtained by the 
reference place information acquisition means, the de- 
coding result corresponding to the code contained in the 
bit sequence. 

[0019] It is thereby ensured that symbols and entries 
identified by bit sequences having a predetermined 
length can be associated with each other while avoiding 
registration of each symbol to be obtained as a decoding 
result in a duplicated state, thereby reducing the storage 
capacitywhile maintaining high-speed decoding per- 
formance. 

[0020] A decoder according to still another aspect of 
the present invention, which decodes each of encoded 
symbols, is characterized by comprising an input buffer 
which reads from an input bit sequence a bit sequence 
having a length corresponding to the maximum code 
length of the symbols, a first sequence table in which 
reference place information for the symbols is registered 
with respect to each bit sequence having a length cor- 
responding to the maximum code length of the symbols, 
a second sequence table in which the symbol and the 
code length of the symbol are registered with respect to 
each symbol, first reference means for obtaining the ref- 
erence place information for the symbol corresponding 
to a code contained in the bit sequence read to the input 
buffer by referring to the first sequence table on the ba- 
sis of the bit sequence, second reference means for ob- 
taining the symbol corresponding to the code contained 
in the bit sequence and the code length of the symbol 
by referring to the second sequence table on the basis 
of the reference place information obtained by the first 
reference means, and return means for returning to the 
input bit sequence the remaining bit excluding the bit 
corresponding to the code length of the symbol from the 
bit sequence read to the input buffer. 
[0021] It is thereby ensured that each symbol and the 
code length of the symbol can be obtained from the sec- 
ond sequence table if only reference places for the sym- 
bols are registered in the first sequence table by being 
associated with the bit sequences having a length cor- 
responding to the maximum code length. 
[0022] Therefore decoding of the variable length code 
can be performed by making access two times to the 
first sequence table and the second sequence table. Al- 
so, the need for registering each of the symbols and the 
code lengths of the symbols in a state of being duplicat- 
ed a certain number of times by being associated with 
the bit sequences having a length corresponding to the 
maximum code length is eliminated, thereby reducing 



the storage capacity while maintaining high-speed de- 
coding performance. 

[0023] A decoder according to still another aspect of 
the present invention, which decodes each of encoded 
5 symbols, is characterized by comprising an input buffer 
which reads from an input bit sequence a bit sequence 
having a length corresponding to the maximum code 
length of the symbols, a first sequence table in which 
reference place information for the symbols is registered 

10 with respect to each bit sequence having a length cor- 
responding to the maximum code length of the symbols, 
a second sequence table in which the symbol and the 
difference of the code length of the symbol from the 
maximum code length are registered with respect to 

is each symbol, first reference means for obtaining the ref- 
erence place information for the symbol corresponding 
to a code contained in the bit sequence read to the input 
buffer by referring to the first sequence table on the ba- 
sis of the bit sequence, second reference means for ob- 

20 taining the symbol corresponding to the code contained 
in the bit sequence and the difference by referring to the 
second sequence table on the basis of the reference 
place information obtained by the first reference means, 
and return means for returning to the input bit sequence 

25 the bit sequence read to the input buffer by the amount 
corresponding to the difference. 
[0024] It is thereby ensured that each symbol and the 
difference of the code length of the symbol from the 
maximum code length can be obtained from the second 

30 sequence table if only reference places for the symbols 
are registered in the first sequence table by being asso- 
ciated with the bit sequences having a length corre- 
sponding to the maximum code length. 
[0025] Therefore decoding of the variable length code 

35 can be performed by making access two times to the 
first sequence table and the second sequence table. Al- 
so, the number of bits not used in decoding of the vari- 
able length code can be obtained directly from the sec- 
ond sequence table, thereby reducing the number of ac- 

40 cess times, eliminating subtraction processing per- 
formed for return of a bit sequence, and further increas- 
ing the decoding speed. 

[0026] According to still another aspect of the present 
invention, the decoder is characterized in that the first 
45 sequence table is divided into a plurality of tables in cor- 
respondence with an upper bit sequence and a lower bit 
sequence having a length corresponding to the maxi- 
mum code length. 

[0027] The number of sequences for identification of 
50 entries can be reduced thereby to further reduce the 
storage capacity. 

[0028] A decoding method according to the present 
invention is characterized by comprising a step of read- 
ing from an input bit sequence a bit sequence having a 
55 length corresponding to the maximum code length, a 
step of obtaining, on the basis of the read bit sequence, 
reference place information for a symbol corresponding 
to a code contained in the bit sequence, a step of ob- 
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taining, from the obtained reference place information, 
the symbol corresponding to the code contained in the 
bit sequence and the code length of the symbol, a step 
of outputting theobtained symbol as a result of decoding 
of the code contained in the read bit sequence, and a 
step of returning to the input bit sequence the bit remain- 
ing bit as excluding the bit corresponding to the code 
length of the symbol from the read bit sequence. 
[0029] It is thereby ensuredthat, even for decoding of 
the variable length code by reading of a length corre- 
sponding to the maximum code length, registration of 
only reference places for symbols associated with bit se- 
quences having a length corresponding to the maximum 
code length is enough and there is no need to register 
the same symbol and the code length of the symbol in 
a state of being duplicated a certain number of times, 
thus reducing the storage capacity while maintaining 
high-speed decoding performance. 
[0030] A look-up table according to the present inven- 
tion is characterized by comprising a first sequence ta- 
ble in which reference place information for symbols is 
registered with respect to each of candidates for codes 
to be decoded, and a second sequence table in which 
the symbol and the code length of the symbol are reg- 
istered with respect to each symbol. 
[0031 ] It is thereby ensured that access to the symbol 
corresponding to each of candidates of the codes to be 
decoded can be made by only referring to the first se- 
quence table one time, and the need for registration of 
the symbol with respect to each candidate is eliminated, 
thus improving the decoding speed while limiting the in- 
crease in storage capacity. 

[0032] A look-up table according to another aspect of 
the present invention is characterized in that symbols 
and the differences of the code lengths of the symbols 
from the maximum code length are registered with re- 
spect to entries identified by bit sequences having a 
length corresponding to the maximum code length of the 
symbols. 

[0033] It is thereby ensured that each decoded sym- 
bol can be output by only making access to the look-up 
table one time and the number of bits not used in de- 
coding of the symbol can also be obtained thereby. 
Thus, it is possible to eliminate subtraction processing 
performed for return of the bit sequence to further in- 
crease the decoding speed. 

[0034] A decoding program according to the present 
invention, is characterized by executing with a computer 
a step of reading from an input bit sequence a bit se- 
quence having a length corresponding to the maximum 
code length, a step of obtaining, on the basis of the read 
bit sequence, reference place information for a symbol 
corresponding to a code contained in the bit sequence, 
a step of obtaining, from the obtained reference place 
information, the symbol corresponding to the code con- 
tained in the bit sequence and the code length of the 
symbol, a step of outputting the obtained symbol as a 
result of decoding of the code contained in the read bit 



sequence, and a step of returning to the input bit se- 
quence the remaining bit excluding the bit correspond- 
ing to the code length of the symbol from the read bit 
sequence. 

5 [0035] If this decoding program is installed, the speed 
of decoding of the variable length code can be increased 
and the storage capacity of the loop-up table can be re- 
duced. 

[0036] A decoding program according to another as- 

w pect of the present invention is characterized by execut- 
ingwith a computer a step of reading from an input bit 
sequence a bit sequence having a length corresponding 
to the maximum code length, a step of obtaining, on the 
basis of the read bit sequence, reference place informa- 

'5 tion for a symbol corresponding to a code contained in 
the bit sequence, a step of obtaining, from the obtained 
reference place information, the symbol corresponding 
to the code contained in the bit sequence and the differ- 
ence of thecode length of the symbol from themaximum 

20 code length, a step of outputting the obtained symbol as 
a result of decoding of the code contained in the read 
bit sequence, and a step of returning to the input bit se- 
quence the read bit sequence by the amount corre- 
sponding to the difference. 

25 [0037] If this decoding program is installed, the 
number of bits not used in decoding of each symbol can 
be directly obtained, subtraction processing-performed 
for return of a bit sequence can be eliminated and the 
decoding speed can be further increased. 

30 

Brief Description of Drawings 
[0038] 

35 Figure 1 is a block diagram schematically showing 
a configuration of a decoder according to a first em- 
bodiment of the present invention; 
Figure 2 is a block diagram showing a configuration 
of a decoder according to a second embodiment of 
40 the present invention; 

Figure 3 is a diagram showing an example of a con- 
figuration of a look-up table according to the second 
embodiment of the present invention; 
Figure 4 is a diagram showing a decoding method 
according to the second embodiment of the present 
invention; 

Figure 5 is a flowchart showing the decoding meth- 
od according to the second embodiment of the 
present invention; 

Figure 6 is a diagram showing an example of a con- 
figuration of a look-up table according to a third em- 
bodiment of the present invention; 
Figure 7 is a diagram showing an example of a con- 
figuration of a look-up table according to a fourth 
embodiment of the present invention; and 
Figure 8 is a diagram showing an example of a con- 
figuration of a conventional look-up table. 
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Best Mode for Carrying Out the Invention 

[0039] A decoder and a decoding method according 
to an embodiment of the present invention will be de- 
scribed with reference to the drawings. 5 
[0040] Figure 1 is a block diagram schematically 
showing a configuration of a decoder according to a first 
embodiment of the present invention. 
[0041] Referring to Figure 1 , the decoder has symbol 
association means 101 and reference place identifica- 10 
tion means 102. 

[0042] The symbol association means 1 01 associates 
each of reference places for encoded symbols with one 
of the symbols. The reference place identification 
means 102 cuts out, from an input bit sequence, each 15 
of bit sequences assigned to symbols with a length cor- 
responding to the maximum code length, and identifies 
the reference place for the symbol with respect to each 
bit sequence cut out. The reference place identification 
means 102 outputs the symbol corresponding to the 20 
identified reference place by referring to the symbol as- 
sociation means 101. 

[0043] Thus, while the symbols are not registered in 
correspondence with all entries identifiedby the bit se- 
quences corresponding to the maximum code length, 25 
each encoded symbol can be identified when the corre- 
sponding bit sequence is cut out, and it is possible to 
reduce the storage capacity while maintaining high- 
speed decoding performance. 

[0044] Figure 2 is a block diagram showing a config- 30 
uration of a decoder according to a second embodiment 
of the present invention. 

[0045] Referring to Figure 2, an input buffer 1 reads 
a bit sequence corresponding to the maximum code 
length of symbols SY from an input bit sequence. A ref- 35 
erence section 2 refers to a first sequence table 3a by 
using as a key a sequence number LN determined by 
the bit sequence read by the input buffer 1 to obtain an 
index (reference place) IN for the symbol SY corre- 
sponding to a code contained in the bit sequence. Fur- 40 
ther, the reference section 2 refers to a second se- 
quence table 3b by using the index IN as a key to obtain 
the symbol SY corresponding to the code contained in 
the bit sequence read-to the input buffer 1 and the code 
length LC of the symbol SY. 45 
[0046] A look-up table 3 has the first sequence table 
3a and the second sequence table 3b. In the first se- 
quence table 3a, the index IN for each symbol SY to be 
obtained as a decoding result is registered in corre- 
spondence with the sequence number LN determined 50 
by the bit sequence having the length corresponding to 
the maximum code length of symbols SY. In the second 
sequence table 3b, the symbol SY to be obtained as a 
decoding result and the code length LC of the symbol 
are registered in correspondence with the index IN. 55 
[0047] A return section 4 returns to the input bit se- 
quence the remaining bit(s) excluding the bit corre- 
sponding to the code length LC of the symbol SY from 



the corresponding bit sequence read to the input buffer 
1. 

[0048] Figure 3 is a diagram showing an example of 
a configuration of a look-up table 3 according to the sec- 
ond embodiment of the present invention. It is assumed 
here that a code bit "I" is assigned to symbol SO, code 
bits "01 " are assigned to symbol S1 , code bits "001 " are 
assigned to symbol S2, and code bits U 000 M are as- 
signed to symbol S3, as shown in Figure 8<a). 
[0049] In this case, since the maximum code length 
of these code bits is 3, the sequence number LN and 
the index IN associated with a particular entry identified 
by each of 3-bit bit sequences are registered in the first 
sequence table 3a, as shown in Figure 3(a). The se- 
quence numbers LN may be numbers in decimal nota- 
tion corresponding to the 3-bit bit sequences. 
[0050] On the other hand, in the second sequence ta- 
ble 3b, the symbol SY and the code length LC associ- 
ated with the sequence number determined by each in- 
dex IN are registered, as shown in Figure 3(b). 
[0051] As the input buffer 1 reads bit sequences in 
groups of three bits from an input bit sequence, the ref- 
erence section 2 converts the three bits into a decimal 
number to obtain the sequence number LN. After ob- 
taining the sequence number LN, the reference section 
2 refers to the first sequence table 3a by using the se- 
quence number LN as a key to obtain the index IN cor- 
responding to the sequence number LN. After obtaining 
the index IN, the reference section 2 refers to the second 
sequence table 3b by using the index IN as a key to ob- 
tain the symbol SY corresponding to the index IN and 
the code length LL of the symbol SY, outputs the symbol 
SY as a decoding result, and outputs the code length 
LL to the return section 4. 

[0052] The return section 4 receives the code length 
LL from the reference section 2 and computes the dif- 
ference between the maximum code length and the 
code length LL received from the reference section 2. 
The return section 4 then returns to the input bit se- 
quence the following part of the 3-bit bit sequence read 
to the input buffer 1 which part corresponds to the 
number of bits obtained as the difference. 
[0053] Thus, indices IN are registered instead of sym- 
bols SY and the code lengths LC of the symbols by being 
associated with sequence numbers LN, thereby ena- 
bling access from each sequence number LN to the 
symbol SY if each of the symbols SY and the code 
lengths LC of the symbols is held only one time. Thus, 
the need for holding each of the symbols SY and the 
code lengths LC of the symbols in a state of being du- 
plicated a certain number of times is eliminated. In the 
case where indices IN are registered by being associ- 
ated with sequence numbers LN, it is necessary to hold 
each index IN in a state of being duplicated a certain 
number of times. However, each index IN can be set 
simply as a number (numeric character) and can there- 
fore be expressed by a smaller number of bits in com- 
parison with symbol SY which may contain a letter or a 



5 



9 



EP 1 303 049 A1 



10 



symbol as well as a numeric character. Therefore the 
storage capacity can be reduced in comparison with the 
case where symbols SY and the code lengths LC of the 
symbols are registered by being associated with se- 
quence numbers LN. 

[0054] Also, in the case where indices IN are regis- 
tered by being associated with sequence numbers LN, 
decoding of the variable length code can be performed 
by making access two times to the first sequence table 
3a and the second sequence table 3b, thus maintaining 
high-speed decoding performance. 
[0055] Further, even in the case where accesses to 
the first sequence table 3a and the second sequence 
table 3b are made, symbols SY with a higher frequency 
of occurrence and the code lengths LC of the symbols 
may be held on a cache to reduce the access time and 
to thereby improve the decoding speed. 
[0056] Figure 4 is a diagram showing a decoding 
method according to an embodiment of the present in- 
vention. 

[0057] Referring to Figure 4(a), if the input bit se- 
quence is "1010010110 the input buffer 1 reads the 
first group of three bits "101" from the input bit sequence 
and outputs these bits to the reference section 2. The 
reference section 2 receives the bit sequence "1 01 " and 
converts the same into a decimal number to obtain the 
sequence number "5°. The reference section 2 refers to 
the sequence table 3a by using the sequence number 
"5" as a key to obtain the index "0" ((1)). 
[0058] After obtaining the index "0", the reference 
section 2 refers to the sequence table 3b by using the 
index "0" as a key to obtain the symbol M S0" and the 
code length "1" of the symbol "SO" ((2)), outputs the 
symbol "SO" as a decoding result ((3)), and outputs the 
code length "1" of the symbol "SO" to the return section 
4 ((4)). 

[0059] The return section 4 receives the code length 
"1" of the symbol "S0 M and computes the difference = 2 
between the maximum code length "3" and the code 
length "1" of the symbol "SO". The return section 4 then 
returns to the input bit sequence M 001 01 1 0—" the follow- 
ing two bits "01 M in the 3-bit bit sequence "101" read to 
the input buffer 1 {(5)). 

[0060] Next, the input buffer 1 reads three bits "010" 
from the input bit sequence "01 001 01 1 0 — " after return, 
as shown in Figure 4(b), and outputs these bits to the 
reference section 2. The reference section 2 receives 
the bit sequence "01 0" and converts the same into a 
decimal number to obtain the sequence number "2". The 
reference section 2 refers to the sequence table 3a by 
using the sequence number "2" as a key to obtain the 
index "1" ((6)). 

[0061] After obtaining the index "1", the reference 
section 2 refers to the sequence table 3b by using the 
index "1" as a key to obtain the symbol "S1 U and the 
code length "2" of the symbol "S1" ((7)), outputs the 
symbol n S1" as a decoding result ((8)), and outputs the 
code length "2" of the symbol "S1" to the return section 



4 ((9)). 

[0062] The return section 4 receives the code length 
"2" of the symbol "S1" and computes the difference = 1 
between the maximum code length "3" and the code 
5 length "2" of the symbol "S1 The return section 4 then 
returns to the input bit sequence "01011 0 — " the follow- 
ing one bit "0" in the 3-bit bit sequence "01 0" read to the 
input buffer 1 ((10)). 

[0063] Next, the input buffer 1 reads three bits "001" 
10 from the input bit sequence "001 01 1 0 — " after return, as 
shown in Figure 4(c), and outputs these bits to the ref- 
erence section 2. The reference section 2 receives the 
bit sequence "001" and converts the same into a deci- 
mal number to obtain the sequence number "1 n ; The ref- 
*5 erence section 2 refers to the sequence table 3a by us- 
ing the sequence number "1 " as a key to obtain the index 
"2" ((11)). 

[0064] After obtaining the index "2", the reference 
section 2 refers to the sequence table 3b by using the 
20 index "2" as a key to obtain the symbol "S2" and the 
code length "3" of the symbol "S2" ((12)), outputs the 
symbol "S2" as a decoding result ((13)), and outputs the 
code length "3" of the symbol "S2" to the return section 
4. 

25 [0065] The return section 4 receives the code length 
"3" of the symbol ,, S2" and computes the difference = 0 
between the maximum code length "3" and the code 
length "3" of the symbol U S2". The return section 4 then 
returns to the input bit sequence "0010110 •••" the fol- 
30 lowing 0 bit in the 3-bit bit sequence "101" read to the 
input buffer 1 . That is, no bit sequence is returned if the 
difference between the maximum code length and the 
code length obtained by the return section 4 is 0. 
[0066] Subsequently, as shown in Figure 4(d), decod- 
es jng of the next code is performed on the input bit se- 
quence "0110—" which is the result of subtraction of the 
first 3-bit group "001" from the input bit sequence 
"0010110 ..." shown in Figure 4(c). 
[0067] Figure 5 is a flowchart showing the decoding 
40 method according to an embodiment of the present in- 
vention. 

[0068] Referring to Figure 5, if an undecoded input bit 
sequence exits (step S1 ), a bit sequence having a length 
corresponding to the maximum code length is read from 
45 the input bit sequence (step S2). The sequence number 
LN is computed from the read bit sequence (step S3), 
and the first sequence table 3a is referred to by using 
the sequence number LN as a key to obtain the index 
IN (step S4). 

50 [0069] Then, the second sequence table 3b is re- 
ferred to by using the index IN as a key to obtain the 
corresponding symbol SY and the code length LC of the 
symbol (step S5), and the symbol SY is output as a de- 
coding result (step S6). 

55 [0070] Next, from the bit sequence read in step S2, 
the remaining bit(s) (or bit sequence) excluding the bit 
corresponding to the code length LC of the symbol SY 
isreturned to the undecoded input bit sequence (step 
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S7). 

[0071 ] The first sequence table 3a may be divided into 
aplurality of tables. The number of sequences neces- 
sary for identifying the index IN can be reduced thereby 
to further reduce the storage capacity. 
[0072] Figure 6 is a diagram showing an example of 
a configuration of a look-up table according to a third 
embodiment of the present invention. 
[0073] Referring to Figure 6(a), it is assumed that 
code bits having a maximum code length of 9 are as- 
signed to symbols SO to S19. 

[0074] A code table shown in Figure 6(b) is obtained 
by dividing the code bits shown in Figure 6(a) into upper 
three bits and lower six bits. 

[0075] In the case where the code bits shown in Fig- 
ure 6(a) are divided into upper three bits and lower six 
bits, indices for the symbols are assigned to the divided 
sequences to enable identification of each symbol while 
reducing the storage capacity. 

[0076] For example, if the upper three bits in nine bits 
are "011", the code can be determined as symbol S4. 
[0077] Also, if the upper three bits in nine bits are 
"000", the code can be determined as symbol S4, the 
symbol can be determined by further reading the six bits 
and referring to the table^. 

[0078] Also, if the upper three bits in nine bits are 
"001 B , the code can be determined as symbol S4, the 
symbol can be determined by further reading the six bits 
and referring to the table^. 

[0079] The table^o is a table prepared with respect 
to the symbols having "000" as the upper three bits and 
having the upper three bits removed in the symbols SO 
to S1 9 defined in Figure 6(a), and the table^ is a table 
prepared with respect to the symbols having "001" as 
the upper three bits and having the upper three bits re- 
moved in the symbols SO to S1 9 defined in Figure 6(a). 
[0080] Figure 7 is a diagram showing an example of 
a configuration of a look-up table 12' according to a 
fourth embodiment of the present invention. In the look- 
up table 12' according to this second embodiment, the 
differences of the code lengths registered in a look-up 
table 12 shown in Figure 8(b) from the maximum code 
length are registered instead of the code lengths. 
[0081] That is, it is assumed that code bits corre- 
sponding to symbols SO to S3 are defined as shown in 
a code table 11 of Figure 8(a). In this case, since the 
maximum code length of thecode bits is 3, the sequence 
numbers, the symbols and the differences of the code 
lengths of the symbols from the maximum code length 
are registered in the look-up table 12' with respect to 2 3 
entries identified by 3-bit sequences, as shown in Figure 
7. For example, with respect to the sequence number 0 
determined from the bit sequence "000", the code length 
of the symbol S3 registered by being associated there- 
with is 3 and, accordingly, the difference = 0 between 
the maximum code length 3 and the code length 3 of the 
symbol S3 is registered. Also, for example, with respect 
to the sequence number 2 determined from the bit se- 



quence "010", the code length of the symbol S1 regis- 
tered by being associated therewith is 2 and, according- 
ly, the difference = 1 between the maximum code length 
3 and the code length 2 of the symbol S1 is registered. 

5 [0082] Consequently, it is possible to recognize the 
number of bits to be returned by only referring to the 
look-up table 12' at the time of return of the bits unnec- 
essary for decoding of each symbol, and the need for 
subtraction processing can be eliminated, thereby fur- 

10 ther increasing the decoding speed. 

[0083] While the embodiment shown in Figure 7 has 
been described with respect to the method of replacing 
the code lengths in the look-up table 12 of Figure 8(b) 
with the differences of the code lengths from the maxi- 

15 mum code length, this replacement may also be per- 
formed in the second sequence table 3b of Figure 3(b). 

industrial Applicability 

20 [0084] According to the present invention, as de- 
scribed above, symbols and entries identified by bit se- 
quences having a length corresponding to the maximum 
code length can be associated with each other while 
avoiding registration of each symbol in a duplicated 

25 state, thereby reducing the storage capacity while main- 
taining high-speed decoding performance. 



Claims 

30 

1 . A decoder comprising: 

symbol association means for associating each 
of reference places for encoded symbols with 

35 one of the symbols; and 

reference place identification means for identi- 
fying the reference place for each of symbols 
when a bit sequence assigned to the symbol 
and corresponding to a maximum code length 

40 is cut out. 

2. A decoder comprising: 

reference place information acquisition means 
^5 for obtaining, on the basis of a bit sequence of 

a predetermined length, reference place infor- 
mation for a decoding result corresponding to 
a code contained in the bit sequence; and 
decoding result acquisition means for obtain- 
50 ing, on the basis of the reference place infor- 

mation obtained by said reference place infor- 
mation acquisition means, the decoding result 
corresponding to the code contained in the bit 
sequence. 

55 

3. A decoder which decodes each of encoded symbols 
comprising: 
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an input buffer which reads from an input bit se- 
quence a bit sequence having a length corre- 
sponding to a maximum code length of the sym- 
bols; 

a first sequence table in which reference place s 
information for the symbols is registered with 
respect to each bit sequence having a length 
corresponding to the maximum code length of 
the symbols; 

a second sequence table in which the symbol io 
and the code length of the symbol are regis- 
tered with respect to each symbol; 
first reference means for obtaining the refer- 
ence place information for the symbol corre- 
sponding to a code contained in the bit se- 15 
quence read to said input buffer by referring to 
said first sequence table on the basis of the bit 
sequence; 

second reference means for obtaining the sym- 
bol corresponding to the code contained in the 20 
bit sequence and the code length of the symbol 
by referring to said second sequence table on 
the basis of the reference place information ob- 
tained by said first reference means; and 
return means for returning to the input bit se- 25 
quence the remaining bit excluding the bit cor- 
responding to the code length of the symbol 
from the bit sequence read to said input buffer. 

A decoder which decodes each of encoded symbols 30 
comprising: 

an input buffer which reads from an input bit se- 
quence a bit sequence having a length corre- 
sponding to a maximum code length of the sym- 35 
bols; 

a first sequence table in which reference place 
information for the symbols is registered with 
respect to each bit sequence having a length 
corresponding to the maximum code length of 40 
the symbols; 

a second sequence table in which the symbol 
and the difference of the code length of the 
symbol from the maximum code length are reg- 
istered with respect to each symbol; 
first reference means for obtaining the refer- 
ence place information for the symbol corre- 
sponding to a code contained in the bit se- 
quence read to said input buffer by referring to 
said first sequence table on the basis of the bit so 
sequence; 

second reference means for obtaining the sym- 
bol corresponding to the code contained in the 
bit sequence and the difference by referring to 
said second sequence table on the basis of the 55 
reference place information obtained by said 
first reference means; and 
return means for returning to the input bit se- 



quence the bit sequence read to said input buff- 
er by the amount corresponding to the differ- 
ence. 

5. The decoder according to claim 3 or 4, wherein said 
first sequence table is divided into a plurality of ta- 
bles in correspondence with an upper bit sequence 
and a lower bit sequence having a length corre- 
sponding to the maximum code length. 

6. A decoding method comprising the steps of: 

reading from an input bit sequence a bit se- 
quence having a length corresponding to the 
maximum code length; 

obtaining, on the basis of the read bit sequence, 
reference place information for a symbol corre- 
sponding to a code contained in the bit se- 
quence; 

obtaining, from the obtained reference place in- 
formation, the symbol corresponding to the 
code contained in the bit sequence and the 
code length of the symbol; 
outputting the obtained symbol as a result of 
decoding of the code contained in the read bit 
sequence; and 

returning to the input bit sequence a remaining 
bit excluding the bit corresponding to the code 
length of the symbol from the read bit se- 
quence. 

7. A look-up table comprising: 

a first sequence table in which reference place 
information for symbols is registered with re- 
spect to each of candidates for codes to be de- 
coded; and 

a second sequence table in which the symbol 
and the code length of the symbol are regis- 
teredwith respect to each symbol. 

8. A look-up table wherein symbols and differences of 
the code lengths of the symbols from a maximum 
code length are registered with respect to ^entries 
identified by bit sequences having a length corre- 
sponding to the maximum code length of the sym- 
bols. 

9. A decoding program for executing with a computer 
the steps of: 

reading from an input bit sequence a bit se- 
quence having a length corresponding to the 
maximum code length; 

obtaining, on the basis of the read bit sequence, 
reference place information for a symbol corre- 
sponding to a code contained in the bit se- 
quence; 
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obtaining, from the obtained reference place in- 
formation, the symbol corresponding to the 
code contained in the bit sequence and the 
code lengttrof -the - symbol ; 
outputting the obtained symbol as a result of 5 
decoding of the code contained in the read bit 
sequence; and 

returning to the input bit sequence a-remaining 
bit excluding the bit corresponding to the code 
length of the symbol from the read bit se- io 
quence. 

10. A decoding program for executing with a computer 
the steps of: 

15 

reading from an input bit sequence a bit se- 
quence having a length corresponding to a 
maximum code length; 

obtaining, on the basis of the read bit sequence, 
reference place information for a symbol corre- 20 
sponding to a code contained in the bit se- 
quence; 

obtaining, from the obtained reference place in- 
formation, the symbol corresponding to the 
code contained in the bit sequence and the dif- 25 
ference of the code length of the symbol from 
the maximum code length; 
outputting the obtained symbol as a result of 
decoding of the code contained in the read bit 
sequence; and so 
returning to the input bit sequence the read bit 
sequence by the amount corresponding to the 
difference. 

35 
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FIG. 3 (a) 



BIT 
SEQUENCE 


SEQUENCE 
NUMBER 


INDEX 


000 


0 


3 


001 


1 


2 


010 


2 


1 


011 


3 


1 


100 


4 


0 


101 


5 


0 


110 


6 


0 


111 


7 


0 



FIG. 3 (b) 
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FIG. 6 (a) FIG. 6 (b) 
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FIG. 7 
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FIG. 8 (a) 
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FIG. 8 (b) 
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